Introduction
flow conditions. Axial distribution of normalized thrust because of the addition of phosphine at 4) = 1.85 is shown in Fig. 3 . The subscripts p and 0 refer to the thrust Th with and without phosphine addition, respectively.
In the initial 20% of the nozzle section, the thrust increases very rapidly because of high flow expansion.
As the amount of phosphine is increased, thrust production by the nozzle increases. It shows that 10% of phosphine addition enhances thrust by about 4.5%. This is a significant enhancement, given the sensitivity of thrust, to vehicle performance. Figure 4 shows the change in thrust caused by the 5% of phosphine addition, with 4) ranging from 0.5 to 3.0; moreover, it shows that thrust enhancement is a strong function of $ and nozzle geometry.
For a 10-m nozzle maximum, thrust is produced for 4) = 2, but on the other hand, if the nozzle is greater than 20 m, 4) = 1 produces maximum relative thrust.
Conclusions
A numerical study that used the quasi-one-dimensional Euler equations along with species conservation equations was conducted to study the possibility of thrust enhancement in hypersonic nozzles by substituting a small amount of phosphine for hydrogen to increase the recombination of H,O, radicals. The study showed that thrust production can be enhanced by phosphine addition. For nozzle inflow conditions corresponding to Mach 18 flight, the thrust can be enhanced by about 4.5%.
